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&6+ &DOFLXP6LOLFDWH+\GUDWHV
1VWDQGDUGVLOLFDWHSURGXFWV
$%VLOLFDWHSURGXFWVZLWKDQGOLWKLXPZDWHUJODVV
7KHRUHWLFDODVVXPSWLRQ
&U\VWDOOLQH SKDVHV K\GUDWHG FDOFLXP VLOLFDWHV DULVH LQ K\GURWKHUPDO FRQGLWLRQVZLWK WHPSHUDWXUH KLJKHU WKDQ
&DQGXQGHUSUHVVXUHH[FHHGLQJK3D>@7KHWLPHRIWKHSURFHVVLWVSUHVVXUHDQGWHPSHUDWXUHDIIHFWWKH
SURSHUWLHVRIWKHILQDOVDQGOLPHSURGXFWVDQGGHFLGHRQWKHIRUPDWLRQRISKDVHVZLWKDVSHFLILFPRODUUDWLR$FFRUGLQJ
WR7D\ORUE\FRPELQLQJDFDOFLXPDWRPZLWKR[\JHQFRRUGLQDWLRQSRO\KHGUD&D2LWLVSRVVLEOHWRFUHDWHDIXVHG
VLOLFDR[\JHQWHWUDKHGURQ>@7KHSKDVHV LQ WKHV\VWHPDUHIRUPHGE\WKHUHDFWLRQRIFDOFLXPVLOLFDWHZLWKZDWHU
&RQGLWLRQVIRUWKHIRUPDWLRQRIFDOFLXPVLOLFDWHK\GUDWHSKDVHVGHSHQGLQJRQWKHWHPSHUDWXUHDQGSUHVVXUHDUHVKRZQ
LQ)LJ

)LJ$SSUR[LPDWHUDQJHVRIWKHSUHVHQFHRIK\GUDWHGFDOFLXPVLOLFDWHVXQGHU
K\GURWKHUPDOFRQGLWLRQV>@
,Q)LJXUHWKHSKDVHVDUHGLYLGHGLQWRWKHDQK\GURXVDQGK\GUDWHG:KHQWKHWHPSHUDWXUHDQGWLPHLQFUHDVHWKH
DPRUSKRXVIRUPWUDQVIRUPVLQWRWKHFU\VWDOOLQHSKDVH,QWKHVWUXFWXUHRIK\GUDWHGFDOFLXPVLOLFDWHSKDVHVZDWHULV
SUHVHQWPRVWO\LQWKHIRUPRIK\GUR[\OJURXSV+RZHYHUWKHUHDUHSKDVHVVXFKDVIRUH[DPSOH[RQRWOLWHLQZKLFK
WKHUHLVDFHUWDLQDPRXQWRIPROHFXODUZDWHU>@7KHERQGVFRPSULVLQJ6L2+JURXSPROHFXODUZDWHURUK\GUR[\O
ZDWHURUERWKIRUPVVLPXOWDQHRXVO\DUHYLVLEOH7KHIRUPLQZKLFKZDWHUDSSHDUVLVRIJUHDWLPSRUWDQFH0DQ\DXWKRUV
HJ>@GHVFULEHVWKHIDFWWKDWWKHIRUPDWLRQRIK\GUDWHGFDOFLXPVLOLFDWHGHSHQGVODUJHO\RQWKHVROXELOLW\RI&D2DQG
6L2 LQZDWHU:LWK LQFUHDVLQJ WHPSHUDWXUH WKH VROXELOLW\ RI 6L2 LQFUHDVHV VLJQLILFDQWO\ZKLOH WKH VROXELOLW\ RI
FDOFLXPK\GUR[LGHGHFUHDVHV$VWHPSHUDWXUHLQFUHDVHVWRDERXW&&6+JHOFRQYHUWVLQWRRWKHUFU\VWDOOLQHIRUP
WREHUPRULWH$WWHPSHUDWXUHVDERYHDSSUR[LPDWHO\&WREHUPRULWHFDQFKDQJHWR[RQRWOLWHRUJ\UROLWH>@0DQ\
\HDUVRIUHVHDUFKVKRZWKDWLQDXWRFODYHGVDQGOLPHSURGXFWVPRVWO\WKHIROORZLQJK\GUDWHGFDOFLXPVLOLFDWHVFDQEH
IRXQG&6+,&6+,,$WREHUPRULWH[RQRWOLWHDQG&6+$>@
0HWKRGRORJ\
7KHSXUSRVHRIWKLVDUWLFOHLVWRGHWHUPLQHWKHHIIHFWRIXVHGDGPL[WXUHVOLWKLXPVLOLFDWHZLWKPRODUUDWLRRQWKH
PLFURVWUXFWXUHRIUHVXOWLQJVDQGOLPHSURGXFWV7HVWVDPSOHVLQUHFWDQJXODUVKDSHZLWKGLPHQVLRQV[[>PP@
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ZHUHSUHSDUHGLQWKHODERUDWRU\7RDFRQVWDQWZHLJKWRIGU\LQJUHGLHQWVDKRPRJHQHRXVPL[WXUHRIPDNHXSZDWHU
DQGVOLJKWO\PXUN\OLTXLGOLWKLXPVLOLFDWHZDVDGGHG7KHFRPSRVLWLRQRIGRSDQWLVVKRZQLQ7DE
7DEOH,QIRUPDWLRQRQLQJUHGLHQWV
,GHQWLILHU &RQWHQW
/LWKLXPK\GUR[LGHPRQRK\GUDWH 
&ROORLGDOVLOLFD6L2 
:DWHU 

/LWKLXPZDWHUJODVVZDVDGGHGLQDQDPRXQWRIDQGE\ZHLJKWRIWKHOLTXLGFRPSRQHQW7KUHHVHULHVRI
VDPSOHVZHUHSUHSDUHGIRUWKHVWXG\WZRPRGLILHGZLWKGLIIHUHQWFRQWHQWVRIWKHGRSDQWDQGRQHVWDQGDUGVDPSOHZLWK
RIZDWHURITXLFNOLPHDQGRITXDUW] VDQG7KHSURGXFHGVDPSOHVZHUHVXEMHFWHG WR WKHDXWRFODYLQJ
SURFHVVDWWHPSHUDWXUHRI&DQGSUHVVXUHRI03DLQFROODERUDWLRQZLWKWKH6LOLFDWH3URGXFWLRQ3ODQWLQ/XG\QLD
3RODQG5HVXOWLQJVLOLFDWHHOHPHQWVZHUHPDUNHGZLWKWKHV\PEROV$DQG%6DPSOH$FRQWDLQVRIOLTXLGVROXWLRQ
RIOLWKLXPVLOLFDWHZKLOHVDPSOH%


)LJ;5'SDWWHUQRIWKHVDPSOH$
7KHLQWHUSUHWDWLRQRIWKHPLFURVWUXFWXUHZDVFDUULHGRXWRQWKHEDVLVRIVFDQQLQJHOHFWURQPLFURVFRS\6(0W\SH
4XDQWD)(*ZLWKWKH('6DQDO\VHU7KDQNVWRWKHHOHFWURQEHDPLQFLGHQWRQWKHVDPSOHVXUIDFHDQGVFDQQLQJLW
OLQHE\OLQHWRJLYHDQDFFXUDWHSLFWXUHRIWKHWRSRJUDSK\ZDVREWDLQHG0LFURVFRSLFSKRWRVRIWKHVDPSOHVZHUHPDGH
XVLQJDPDJQLILFDWLRQUDQJHIURPWRWLPHV7KH6(0VWXG\ZDVSUHFHGHGE\;5'H[DPLQDWLRQWKDWLV
;UD\GLIIUDFWLRQ;5'(PS\UHDQ3$1$/<7,&$/7KHDLPRIWKLVVWXG\ZDVWRLQYHVWLJDWHWKHSKDVHFRPSRVLWLRQ
RI WKH VDQGOLPHSURGXFWV7KHSDUDPHWHUVRI WKHSRUHGLVWULEXWLRQRI WKH WHVWHGXQLWVZDVFDUULHGRXWE\PHUFXU\
SRURVLPHWU\3RURVLPHWHU3RUHPDVWHU4XDQWDFKURPH86$ZDVXVHGWRGHWHUPLQHWKHSRUHGLDPHWHULQWKHUDQJH
RIP$FFRUGLQJWRWKHZLGHO\DFFHSWHGFODVVLILFDWLRQRISRUHV,83$&PLFURSRUHVDUHWKHSRUHVZLWK
GLDPHWHUGQPPHVRSRUHVZLWKWKHGLDPHWHUQPDQGPDFURSRUHVG!QP7KHHYDOXDWLRQGLGQRWWDNHLQWR
DFFRXQW WKHPHDVXUHPHQWRIPLFURSRUHV7KHXVHRI WKHVHPHWKRGVJLYHVDQXPEHURIUHOHYDQW LQIRUPDWLRQRQWKH
LQWHUQDOVWUXFWXUHDQGFRPSRXQGV IRUPHG LQ WKHSURGXFWLRQSURFHVVDQGFDQDOVR LQGLFDWH WKHGLUHFWLRQVRI IXUWKHU
UHVHDUFK
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5HVXOWVDQGGLVFXVVLRQ

;UD\GLIIUDFWRPHWU\RIVDPSOHV$DQG%VKRZHGWKDWWKH\ERWKFRQVLVWHVVHQWLDOO\RITXDUW]$SDUWIURPUHIOHFWLRQV
RULJLQDWLQJIURPLWVLJQLILFDQWO\VPDOOHUSHDNVZHUHDOVRYLVLEOH7KHVHSHDNVFDQFRPHIURP[RQRWOLWHPRVWLQWHQVH
SHDNDWDQDQJOHșFDOFLWHDQGWKHWREHUPRULWH7KHH[DPLWDLRQRIWKHVDPSOH$UHYHDOHG
WKHSUHVHQFHRISRUWODQGLWHORZLQWHQVLW\RISHDNVKRZHYHUDUUDQJHGDGHTXDWHIRUWKLVSKDVH,QWKHVDPSOH%WKH
SUHVHQFHRIDGGLWLRQDOUHIOHFWLRQVZDVQRWHGZKLFKFDQFRPHIURPK\GUDWHGFDOFLXPVLOLFDWHVHJURVHQKDKQLW
7KHXVHRIOLWKLXPZDWHUJODVVKDVLQLWLDWHGWKHIRUPDWLRQRISKDVHVLHWKH[RQRWOLWHZKLFKDSSHDUHGWRJHWKHU
ZLWKWKHWREHUPRULWHDQGWKH&6+SKDVH7KHSDSHURI5'DFKRZVNL$6WHSLHQ>@GHVFULEHVWKHXVHRIGLIIHUHQW
W\SHRIOLWKLXPVLOLFDWHKRZHYHUVLPLODUFKDQJHVLQWKHPLFURVWUXFWXUHZDVREVHUYHG


)LJ;5'SDWWHUQRIWKHVDPSOH%

)LJ7KHSRUHGLVWULEXWLRQRIVDQGOLPHSURGXFWVPRGLILHGZLWKGLIIHUHQWFRQWHQWRIOLWKLXPVLOLFDWH
DFFRUGLQJWRWKHFODVVLILFDWLRQ8,3$&
0HUFXU\,QWUXVLRQ3RURVLPHWU\WHVWFDUULHGRXWIRUWUDGLWLRQDOVDQGOLPHSURGXFWVLQGLFDWHGDSRURVLW\RI
0DFURSRUHVKDYLQJDGLDPHWHUJUHDWHUWKDQPLFURQVFRQVWLWXWHDQGWKHUHVWDUHSRUHVZLWKGLDPHWHUVRI
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PLFURQV>@$QDO\VLVRISRUHGLVWULEXWLRQ)LJRIWKHVDPSOH$LQGLFDWHGWKDWDERXWRIPHDVXUHG
YROXPHFRQVLVWVRIPHVRSRUHVWKHUHPDLQLQJDUHPDFURSRUHV,QWKHSURGXFW%DQLQFUHDVHLQWKHPDFURSRUHVYROXPH
E\LQFRPSDULVLRQWRVDPSOH$ZDVREVHUYHG)LJDQGFOHDUO\LOOXVWUDWHWKHGLIIHUHQFHEHWZHHQWKHGLDPHWHU
RIWKHSRUHVDQGWKHLUVKDUHLQWKHYROXPHRIWKHVDPSOH

)LJ7KHSRUHGLVWULEXWLRQLQWKHVDPSOH$

)LJ7KHSRUHGLVWULEXWLRQLQWKHVDPSOH%
7KHIROORZLQJILJXUHVVKRZWKHPLFURVWUXFWXUHRIVLOLFDWHSURGXFWVPRGLILHGZLWKOLWKLXPZDWHUJODVVLQDQDPRXQW
RIDQGUHODWLYHWRWKHZHLJKWRIWKHSURGXFW)LJDQGSUHVHQWYDULRXVLQWHUQDOVWUXFWXUHVIRUPHG
LQERWKVWDQGDUGDQGPRGLILHGVLOLFDWHEULFNV
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
)LJ0LFURVWUXFWXUHRIWKHVWDQGDUGVDPSOH )LJ0LFURVWUXFWXUHRIWKHVWDQGDUGVDPSOH


)LJ0LFURVWUXFWXUHRIWKHVDPSOHZLWKVLOLFDWHZDWHUJODVV

)LJ0LFURVWUXFWXUHRIWKHVDPSOHZLWKVLOLFDWHZDWHUJODVV
)LJSUHVHQWVWKHWREHUPRULWHZLWKDODPHOODUFURVVVHFWLRQDQGDPRUSKRXV&6+SKDVH0HQWLRQHGODPHOODHRI
WREHUPRULWHKDYHIODWHQGLQJV7KHVKDSHRIWKHLQGLYLGXDOSKDVHVGHSHQGVRQWKHVDQGOLPHLQJUHGLHQWVDQGPL[LQJ
SURFHVV DPRXQW RI DGGHG ZDWHU WHPSHUDWXUH SUHVVXUH DQG WLPH RI PL[LQJ SUHSDUDWLRQ DQG DXWRFODYLQJ >@
$FFRUGLQJWR7D\ORUWKHUHDUHWKUHHSKDVHVRIDWREHUPRULWHZKLFKGLIIHUIURPRQHDQRWKHUE\WKHLQWHUSODQDUVSDFLQJ¶V
DQG WKH OHQJWKRI WKH6L2FKDLQV ,QRUGHU WRFRUUHFWGHWHUPLQDWLRQRI WKHSKDVHYDULHW\ WKHDQDO\VLVRI&D WR6L
FRQWHQW&6VKRXOGEHSHUIRUPHG>@('6VSHFWUXPFRQILUPVWKHSUHVHQFHRIWREHUPRULWHLQWKHVDPSOH)LJ

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
)LJ0LFURVWUXFWXUHRIWKHVDPSOHZLWKVLOLFDWHZDWHUJODVV



)LJ('6VSHFWUXPRIWKHVDPSOHZLWKVLOLFDWHZDWHUJODVV

&RQFOXVLRQ

7KDQNVWRWKHXVHRIYDULRXVW\SHVRIDGGLWLYHVDQGDGPL[WXUHVLWLVSRVVLEOHWRVKDSHFHUWDLQSURSHUWLHVRIEXLOGLQJ
PDWHULDOVLQFOXGLQJVDQGOLPHSURGXFWV,QWKHDUWLFOHWKHLQIOXHQFHRIOLWKLXPZDWHUJODVVRQSRUHVWUXFWXUHVL]H
DQGGLVWULEXWLRQLQWKHSURGXFWV7KLVFDQOHDGWRWKHFKDQJHVLQIURVWUHVLVWDQFHZDWHUDEVRUSWLRQFDSLOODU\DFWLRQDQG
RWKHUSK\VLFDODQGPHFKDQLFDOIHDWXUHV
,QWURGXFWLRQRIOLWKLXPZDWHUJODVVWRWUDGLWLRQDOVDQGOLPHSURGXFWVUHVXOWVLQFKDQJHVLQWKHDPRXQWDQG
IRUPRIWREHUPRULWHDQG&6+SKDVHV7KHDGGLWLRQRIOLWKLXPVLOLFDWHLQDQDPRXQWHTXDOWRDQGRIWKHVDPSOH
ZHLJKWUHVXOWVLQWKHDSSHDUDQFHRI[RQRWOLWH,QFUHDVLQJWKHDPRXQWRIOLWKLXPVLOLFDWHVROXWLRQLQWKHSURGXFWQHDUO\
GRXEOHWKHYROXPHRIPHVRSRUHVIURPWRDWWKHH[SHQVHRIWKHPDFURSRUHV
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